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MALARIA CONTROL BY AIRCRAFT SPRAYING- OF 
PARES GREEN WITH SPECIAL REFERENCE TO WARTIME 
EXPERIENCE IN EGYPT.
In  1942 in  Egypt a v i t a l  Royal A ir Force aerodrome suffered  
heavily  from m alaria . The aerodrome had been n ecessa rily  s i te d  beside 
a swampy la k e , near a la rg e  native v illa g e  in  a highly  m alarious area.
So th a t  i t s  work could be ca rried  on, maintenance crews had to  be imported 
from o ther u n its .
In  1943 an an tim a la ria l contro l u n it (A.M.C.U.) commanded by 
an entom ologist, F ly ing  O fficer Redmond King, was attached to  the  s ta tio n , 
and as p a r t  o f  the  contro l an aeroplane was used to  spray P a r is  Green over 
the  lake. A t  the end of the  season the m ala ria l incidence was one th ird  
o f th a t of the preceeding year, and mtich valuable experience had been gained.
The w rite r  was posted as  senior medical o f f ic e r  of the  s ta t io n  
early  in  1944, and in  the absence of an o f f ic e r  commanding the  A.M.C.U. , had 
charge of the m alaria co n tro l. This th e s is  i s  based on h is  experience o f 
a i r c r a f t  spraying in  th e  1944 season.
A few h is to r ic a l  fa c ts  leading up to  the  p resen t paper may in te re s t  
the reader. Barber and Hayne (1921) f i r s t  demonstrated the value of P aris  
Green a s  a la rv io id e . In  the follow ing year N e ill ie  and Houser (1922) 
dusted a catalpa grove of f iv e  thousand t r e e s ,  with lead arsenate  from an 
aeroplane, and con tro lled  an outbreak of the  catalpa sphinx, a la rg e  moth 
in  the ad u lt s tage , which would otherwise have ruined much valuable timber. 
Goad e t  a l  (1924) app lied  th is  technique against cotton p es ts . Hard on 
th e i r  h ee ls , King and Bradley (1926) commenced experiments of the contro l 
o f  Anopheline la rvae  by dusting P a r is  Green from an aeroplane, and Williams 
and Cook (192? and 1928) used th i s  method successfu lly  in  malaria control 
a t  the United S ta tes  naval base of Quantice, V irg in ia .
Outside America, work in  th is  f ie ld  was being ca rried  out in  
Madagascar by Legendre (1934) who sprayed r ic e f ie ld s  and a nsrsh  near a 
French A ir Force s ta tio n . In  In d ia , Covell and A frid i (1937) had experi­
mented with th i s  form o f m alaria co n tro l, bu t found i t  un likely  to  prove 
o f p ra c tic a l value in  the ex is tin g  circumstance in  th a t country.
Meanwhile, American workers (V/atson 193&, then Watson e t a l  
1938, Kiker e t a l  1938), a f te r  due experimentation applied  a i r c r a f t  
g ra y in g  when th e  impounding of the Tennessee River by the  Tennessee 
V alley A uthority  created  la rg e  expanses o f water p resen ting  id e a l 
breeding condition fo r mosquitoes, out o f sm all n a tu ra l c o lle c tio n s  of 
water. They used an a i r c r a f t  belonging to  the a u th o rity  and a lso  a 
plane h ire d  from a crop dusting co n trac to r.
More recen tly  Murray and Knutson (1964) used th e  a i r c r a f t  
of a commercial crop dusting  company fo r m alaria control on th e  Potomac 
R iver and achieved g rea t success.
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A DESCRIPTION OF THE AREA AND ITS WEATHER.
Our aerodrome was s itu a ted  on a narrow s tr ip  o f sandy country, 
about two k ilom eters wide, between th e  M editerranean Sea to  the north  and 
a lake to  th e  south. Between and bordering the  camp and the lake were a 
road and railw ay running side  by side . The s i t e  was f l a t  and low ly in g , 
being only 18 inches above sea le v e l.
C u ltiva tion  was n eg lig ib le  in  the area . There were a few dqte 
palm p lan ta tio n s  in  the v ic in ity  of the camp and tomatoes were a lso  grown 
nearby. These depended on subsoil water.
A few hundred n a tiv es  liv ed  in  small groups of huts round the camp. 
Apart from these the lo c a l population was centred  in  a very la rg e  v illa g e  
beginning 2 m iles from the  e a s t end of the aerodrome. This v illa g e  had a 
s ta t i c  population of 26,000 crowded in to  m iserably poor dw ellings. The
people were poor and liv ed  c h ie fly  by fish in g  in  the lake and in  the sea.
The m alaria season in  Egypt l a s t s  nominally from A pril 1 s t to £0th 
November. The w rite r observed the weather during the 1944 season and noted 
th e  follow ing. A cool northw esterly  or n o rtherly  wind from the sea p revailed . 
This wind fo r  most of the season had a speed from 13 -  18 m iles per hour a f te r  
ten o 'c lock  in  th e  morning. I t  f e l l  a t  n ight and a f te r  sunrise  gradually  
freshened. The following ta b le  (No. i )  describes the occasions when the 
wind varied  during the 1944 season.
TABLE I .
DATE V a r ia t io n s  from P re v a i l in g  Wind.
21st May, 1544* Wind South -  E a s te r ly .
4 th  -  7th June, 1944* L i t t l e  o r  no wind -  E a s te r ly .
23rd, 24th August, 1944. Southerly winds in th e  early  morning.
10th Septem ber, 1944* No wind in  the morning.
2?th September, 1944. Southerly wind ea rly  in  morning and a t  night.
16th October t i l l  
3rd Novembefc, 1944*
During most of th is  period the wind was 
so u th -easte rly  or e a s te rly  from early  
morning t i l l  early  afternoon when i t  be­
came no rtherly . A fter November 3rd winds 
were v ariab le  cold and high.
ttiere  was no ra in  from A pril 1 s t  t i l l  October 13th, when th ere  was 
a short hharp shower, and then no more t i l l  November 6th ,  when the heavy 
w inter ra in s  s ta r te d , la s t in g  3 days. I t  rained heavily  again on 23rd  -  
24th November. 31.0 mm. o f r a in fa l l  were recorded in  November a t  a neigh­
bouring m eterological u n it. In  December there was s t i l l  more ra in  and 
66*3 mm. were recorded.
The following tem perature readings from the same M eteorological 
u n it were obtained through the courtesy o f  the o f f ic e r  in  charge.
TABLE I I .
MONTH APRIL MAX JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
Mean. Max. 
Temperature
!1943
67°P 76°F 76°P 88. 5°I 83. 8°P 83.2°P 83. 0°P 76. 8°P 62. 1°P
! Mean Max.
; Tenperature
1944
72°p 75°p 83°P .
CO 82.5°F 82 .2?F 80.5°P 73*3°F 66. 8°P
Mean Min.
1 Tenperature 
1943
56°P 63°P 69°F 73.7°S 75.7°P 74.3°F 70. 3°P 67. 2°P 59.9°F
Mean Min.
tem perature
1944i,,——— - ------- -
60°F 63°P 69°P 7A.5°B 74-3°F 72.5°P 67.3°F 6l.4°F 33.2°F
Thus, from A pril to  Ju ly  i t  was wanner on the whole in  1944 than 1943» 
bu t from August on the p o s itio n  was reversed.
The b io lo g ic a l s itu a tio n  was c lo se ly  lin k ed  w ith the  le v e l of the lake.
The lake i s  fed by two drains from the f e r t i l e  country ir r ig a te d  by canals 
from the N ile to  the  East. The lake connects w ith the sea about 4  m iles 
west o f  the  camp over a  sandbar. Mr. R.P. Black, D irector General o f  the 
Physical Department, Egyptian M inistry  o f P ublic Works, was kind enough to  
send me a  chart o f  the  lake le v e l from 1940 -  1944* I t  i s  a t  i t s  lowest 
in  May, s ta r t s  r is in g  a t the end o f  June and beginning o f Ju ly  w ith the N ile 
flood  and reaches i t s  peak a t  the end o f August and beginning of September. 
I t  then f a l l s  t i l l  October -  November when re in fo rced  by the w inter ra in s , 
i t  remains a t  a  constant le v e l t i l l  th e  following spring , when i t  f a l l s  
again. The lake i s  shallow, being about 4 fe e t  a t  i t s  deepest p o in ts  and 
having so ft N ile mud as i t s  bed. The d ifference between the h ighest and 
lowest le v e ls  i s  about 13 inches.
In May 1944 when the lake was a t  i t s  lowest lev e l s a lin i ty  te s t s  
gave a  uniform reading o f 0 . 25$  a t  po in ts  in  the con tro lled  area as much 
as 3 m iles apart. On November 26th 1944, the  s a l in i ty  averaged 0.l6£&, 
the  drop being a ttr ib u ta b le  to  the N ile flood  and the November ra in s .
The lake  s a l in i ty  a t  th e  o u tle t to  the sea was only 0.02$ below the average, 
showing th a t  the sandbar successfu lly  kept the sea out. That th e  sandbar 
did not stop fre sh  lake w ater from en tering  the sea was shown by the 
s a lin i ty  o f  the sea a t  the  o u tle t .  This was 1.6$ compared w ith  a reading
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o f  4*6^ in  th e  sea some m ile s  away•
Among th e  f i s h  teem ing in  th e  la k e  a r e  many sm a ll l a r v i c id e s ,  
Gambusia ( B o l t i  -  A ra b ic ) .
The l8 k e  h as  bo th  v e r t i c a l  v e g e ta t io n ,  b u lru s h e s  afad r e e d s ,  and 
h o r iz o n ta l  v e g e ta t io n ,  weeds o f  two ty p e s ,  o f  which th e  conmonest i s  
potam ogeton. The weed grows in  two b e l t s  p a r a l l e l  to  th e  n o rth  la k e  sh o re  
w ith  which we a r e  concerned . One b e l t  i s  in  th e  shallow  w ater a t  th e  la k e  
edge , and th e  o th e r  i s  in  deeper w ater se p a ra te d  from th e  f i r s t  by a b e l t  
o f  re e d s .  In  f r o n t  of th e  v i l l a g e  th e  b e l t s  o f  weed amalgamate and form 
a la rg e  expanse o f  f l a t  su rfa c e  v e g e ta t io n  abou t a m ile  square  in  a r e a ,  
ending to  th e  l a s t  in  a mass of reed s  and b u lru sh e s . In  th e  m idst o f th e  
l a t t e r  th e re  a re  s e v e ra l  p o o ls  covered  w ith  weed.
In  m id -Ju ly  1944, th e  r i s e  of th e  la k e  le v e l  due to  th e  N ile  
f lo o d  f i r s t  covered  th e  weed. The f e r t i l e  N ile  w a te r and th e  h ig h e r  
tem p era tu re  soon caused th e  weed to  grow v e ry  r a p id ly ,  and w ith in  a month 
th e  weed had ag a in  reached  th e  su rfa c e  to  form a th ic k  lu x u r ia n t  brown 
c a rp e t on th e  w a te r . I t  was now n o tic e a b le  t h a t  one o r two s p e c ie s  o f  
eera tophy llum  were growing more r a p id ly  th an  th e  potam ogeton. As w ell 
a s  be ing  th ic k e r  th e  weed extended over a w ider a rea  ( i t  ex tended  a t  l e a s t  
one k ilo m e te r  f a r th e r  west th a n  b e fo re ) .
The r i s e  6 f  th e  la k e  in  J u ly  caused  seepages to  form  o r  extend 
e a s t  and w est o f  th e  camp. These were l a t e r  re in fo rc e d  by  th e  w in te r r a in .  
The more shallow  seepages were worked a s  s a l tp a n s .
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LOCAL MOSQUITOES.
K irkpatrick  (1925) described s ix  Anopheline species found in  Egypt, v iz :
1. A. pharoensis
2. A. m ultico lo r
3- A. se rg en ti
4* A. m auritianus (o r  A. coustani)
5. A. rhodesiensis
6. A. superpictus.
In  1933$ A. a lg e r ie n s is  was found a t  S i t ra  o a s is , and in  1937*
A* aegypti and A* turkhudi in  the S inai peninsula (A fif i  1938)* Only the 
f i r s t  four on K irkpatrick* s l i s t  are  o f  p ra c tic a l  importance in  the N ile 
d e lta , and o f these , K irkpatrick  considered A. m ultico lo r to  he the m alaria 
v ec to r o f Egypt w hile A* pharoensis, he thought, might be a p o te n tia l c a r r ie r .
More recen t work by Madwar (1936 and 1938), Barber and Rice (1937), 
and A f if i  (1938) has c lea rly  incrim inated A. pharoensis as the important 
m alaria  c a r r ie r  o f  Egypt, whereas A. m ultico lo r, while i t  has been in fec ted  
experim entally, has never been found in fec ted  in  nature in  Egypt, and i s  
not now considered to  p lay  any im portant p a r t  in  the transm ission o f m alaria 
in  th a t  country. A. coustani has never been in fec ted  experim entally o r 
found in fec ted  in  nature . A. se rg en ti i s  s trong ly  suspected on epidemiological 
grounds o f being a vector in  c e r ta in  p a r ts  o f Egypt. F arid  (1940) found 
a sporozoite r a te  o f 2*1% in  th is  mosquito when in v estig a tin g  a  lo ca lized  
m alaria  epidemic on the  easte rn  edge o f the N ile  d e lta , bu t i t  was never 
found in  the  region w ith  which th is  th e s is  i s  concerned. In  th is  region 
besides cu lic in es  which breed in  the  lake and seepages and are  commonest in  
August and September, only thr.ee Anophelines a re  found. These are 
U  A. COUSTANI.
This species breeds among the  bulrushes and reeds a t  the lake edge.
I t s  breeding commenced in  A pril in  1944* From Ju ly  t i l l  September, i t  
disappeared from our camp. In  October i t  reappeared and increased in  
numbers t i l l  December. I t  was b itin g  ac tiv e ly  w ell in to  December, although 
i t s  numbers f e l l  o ff . I t  read ily  invades bu ild ings and te n ts ,  and w ill  
a ttack  anyone passing through o r near the vegetation in  which i t  breeds.
2. A. MULTICOLOR.
This i s  the ra re s t  anopheline l o c a l ly .  B reeding appeared  f i r s t  in  
August in  the seepages east and west o f  th e  camp formed th rough  th e  r i s e  in
la k e  l e v e l .  I t  was m ost commonly found in  sm all sh a llo w , muddy, s a l t y  
p o o ls ,  found a t  th e  edge o f  th e  s a l tp a n s  m entioned  above. Animal fo o t­
p r i n t s  made id e a l  n i d i .  The la rv a e  p r e f e r r e d  th e  middy bottom  to  th e  
to p  o f  th e  b reed in g  p la c e s .  In  sm all numbers t h i s  m osquito  in v a d es  human 
h a b i ta t io n s  and a s  s t a t e d  above i t  i s  n o t  now re g a rd e d  f o r  p r a c t i c a l  
p u rp o ses  a s  a v e c to r .  The November r a in s  in  1944 f lo o d ed  th e  seepages 
and s to p p ed  b reed in g .
3. A. PHAROENSIS.
This mosquito i s  the v ecto r o f  Egypt. I t  breeds in  g rea t numbers 
in  the weed on th e  lake (la rv ae  in  1944 was found only once ou tside  the  lake 
in  a  la rg e  seepage which contained weed. They never reappeared there  a f te r  
o ilin g  once). The weed, potamogeton and ceratophyllum, gives s h e lte r  from 
wind, sun and wave motion, and p ro te c tio n  from la rv id id a l f is h , which cannot 
p en e tra te  the th ick es t p a r t  o f  the weed where the mosquito lay s  i t s  eggs. 
During th e  season la rv ae  or eggs were to  be found anywhere among the weed 
along the lake  edge, and a lso  during August in  the weed round the la rg e s t 
is lan d  in  the lake.
In  1944 breeding f i r s t  occurred on the 24th A pril in  the  wood 
opposite the  v illa g e . I t  gradually  increased and spread from there  t i l l ,  
by the beginning o f June, breeding was found in  the weed opposite the centre 
o f the camp. In  Ju ly , when the lake le v e l rose , breeding a t  f i r s t  
diminished. This was due, I  be liev e , to  the lake water r is in g  over the 
top o f the weeds. The la rvae  thus tem porarily lo s t  th e i r  p ro tec tio n  
against wind, wave, sun and f ish . By August the  weed, forced by the r ic h  
N ile mud and the warmer weather, had grown to  the su rface , and was th ibker 
and more widely d is tr ib u ted . A. pharoensis breeding likew ise became more 
p r o l i f ic  and more widespread during August, September and October. The 
colder weather and ra in  o f November saw breeding drop; o ff . In  th a t month 
the ra in  again ra ise d  the lake le v e l above the weed tops. No breeding was 
found a f te r  20th November.
A, p h a ro e n s is  r e a d i ly  invades te n t s  and m esses. I t  b i t e s  a t  
n ig h t  and a lso  in  th e  morning t a l l  about 08 .30  hours. In  1944 th e  a d u lts  
ceased  to  be  a c t iv e  on th e  camp a f t e r  about 20 th  November, when th e  w in te r  
p ro p e r oonsnenced. In  a  h ea ted  mess however, as  l a t e  a s  December 5 th , th e  
w r i te r  saw one o f  th e se  m osquitoes b i t i n g .  The n ex t n ig h t  an o th e r  was
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found under an airm an's mosquito n e t in  an unheated te n t .  I t  had not 
fed , although i t  m s  in  the n e t w ith two A. coustani which were gorged 
w ith "blood.
The w rite r  observed th a t  the p rev a ilin g  north  w esterly  wind 
blowing from the camp to  the lake helped to  reduce the number o f A* 
pharoensis adu lts  on the  camp. Conversely when the  wind was sou therly  
o r  e a s te r ly  and blew from the lake  o r v illa g e  towards the camp, the 
catches in  the catching s ta tio n s  rose  markedly. For example, p r io r  to  
the  southerly  winds o f  23rd -  25th  August, the average d a ily  catch had 
been about 3 A. pharoensis. On the morning o f 26th August, 41 A. 
pharoensis were caught. S im ilarly , from l 6th  October -  $th  November, 
when the morning wind was so u th -easte rly  o r e a s te r ly , the average d a ily  
catch , prev iously  5 a d u lts , rose to  anything between 16 to  140 (g en era lly  
20 to  40). These mosquito invasions from the m alarious v illag e  were 
followed, as w ill  be seen, by a r i s e  in  the  m alaria  incidence in  the camp.
CONTROL PROBLEM.
At some fu tu re  d a te , the Egyptian Government may drain the lake 
and reclaim  the land which i t  covers. T i l l  then , m alaria prevention must 
be d ire c ted  to  c o n tro llin g  the breeding o f Anopheles pharoensis in  the 
weed b e l t s  along the northern  lake edge.
In 19439 9 k ilom eters o f lake edge were co n tro lled , 5 kilom eters
alongside the camp, and 2 kilom eters on each side of i t .  The weed does 
not grow fa r th e r  than 2 k ilom eters west of the camp, b u t to  the e a s t ,  as  
described above, the weed b e l ts  amalgamate and form a la rg e  expanse about 
1 m ile square south of the v illa g e . In the season A. pharoensis breeding
i s  p r o l i f ic  here , and m alaria i s  r i f e  in  the  v il la g e .
The w rite r  considered th a t although the v illa g e  and i t s  carpet o f 
weed were 3? kilom eters from the eastern  edge of the camp, the occasional 
so u th -eas te rly  winds were bound to blow mosquitoes a t  le a s t  th a t d istance . 
This was l a t e r  proved by the r is e  in  catdhes, described above, following 
th ese  winds. Therefore, i t  was decided to  extend the contro l eastward to  
include th i s  la rg e  breeding area and a t  the same time to  study the e ffeo t 
o f  doing so on the m alaria s t a t i s t i c s  of the v illa g e .
Control had two aspects: -
1. The uprooting o f weed.
2. A irc ra f t spraying o f P a ris  Green.
1. The Uprooting of Weed.
N&tive gangs were employed fo r the plucking o f weed. They worked 
in  lin e  sy stem atically  along the lake  edge. In  m id-A pril, 1944, they 
s ta r te d  uprooting the shallow weedbelt, and by mid-June i t  was warm enough 
fo r  them to  s ta r t  work in th e  deep b e l t .  At f u l l  streng th  the gangs con­
tained  75 labourers bu t by the end o f August the f ish in g  harvest wss a t 
i t s  height and many of the  labourers l e f t  to  help th e ir  fellow fisheimen 
in  th i s  more lu c ra tiv e  work. The gangs were in  th is  way gradually  reduced 
to  h a lf  s treng th .
The growth of the weed became very th ick  and rap id  a f te r  the 
Nile flood. Prom August to  October ( in c lu s iv e ) , the  labourers, e sp ec ia lly  
since th e ir  numbers were depleted , could not keep pace with th is  increased 
growth. Cleared areas were again th ick  with weed a f te r  ten to fourteen 
days. By November 23rd, the water was too cold both fo r mosquito
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b re e d in g  and f o r  work, and th e  la b o u re rs  were th e re fo re  d isc h a rg e d .
Weed p lu ck ed  by  th e  gangs was p i l e d  i n  heaps w hich were p la s t e r e d  
w ith  mud o r  o i l .  The A.M.C.U. w atched th e  heaps c a r e f u l ly ,  a s ,  i f  th e y  
became f ra y e d  o r  b ro k en , m osquito  b re e d in g  r e a d i ly  o c c u rre d  round them. 
N a tiv e  fish erm en  had to  b e  p re v e n te d  from  b reak in g  up th e  heaps and 
s c a t t e r in g  weed o v er th e  w a te r  to  a t t r a c t  f i s h .
The w r i t e r 's  im p ressio n  was t h a t  t h i s  method o f  c o n t ro l  was 
e f f e c t iv e  i n  red u c in g  b re e d in g  p la c e s  from A p r i l  t i l l  A ugust. A f te r  
t h i s  i t  had l i t t l e  e f f e c t .  Weed l i f t i n g  was n o t ex tended  tow ards th e  
v i l l a g e .  In s te a d ,  t h i s  e x t r a  a re a  was c o n t ro l le d  by  a i r c r a f t  sp ray in g  
a lo n e .
2. A irc ra ft spraying o f P a r is  Green.
Our area  o f con tro l was so la rg e  and the many channels and cu l- 
de-sacs among the weeds and bulrushes were so d i f f ic u l t  o f access, th a t 
the  spraying of a la rv ic id e  from the a i r  was the  method o f choice, i f  not of 
necessity . F/0 Redmond King introduced th is  method o f con tro l in  1943 > 
using a  R .A.F.Lysander a i r c r a f t  modified fo r  the  purpose. In 1944 
another Lysander a i r c ra f t  was made availab le  to us. A d if fe re n t type o f 
dust container (hopper) and contro l had been f i t t e d .  Various m odifications 
were made to  th is  a i r c r a f t  as a  r e s u l t  o f our experience and experiments in  
1944* In  mid-October, i t  was a l lo t te d  to another R.A.F. S ta tio n  and we 
continued our con tro l w ith a Royal Egyptian A ir Force Avro Tutor (626) 
which had been modified fo r spraying by F/L t. M itchell o f  th e  A ir Wing, 
B r i t is h  M ilita ry  M ission to Egypt.
P a r i s  G reen d u s t was u sed  f o r  sp ray in g  a t  a l l  t im e s , and i t  was 
d i lu te d  a s  re q u ire d  w ith  sand , w hich had to  b e  im ported  from a  d u s ty  sp o t 
i n  th e  d e s e r t  some hours jo u rn ey  away ffom o u r S ta t io n ,  a s  lo c a l  sand  was 
damp and s a l t y ,  and clogged i n  th e  sp ray in g . The P a r is  Green u sed  was i n  
& d i lu t io n  o f  25% o r  35»l/3%  by  volume i n  sand.
The Lysander had i t s  d u s t- tig h t hopper f i t t e d  between the p i l o t ’s 
cockpit and the  observer’s. The hopper when f i l l e d  to  the brim, held 
about 760-lbs* o f P a ris  Green and sand m ixture. At the bottom o f the 
hopper was a hinged trap  which could be d o se d , o r opened a t four d iffe ren t 
apertures. This trap  was con tro lled  by a  hydraulic system known as an 
exactor con tro l, operated by a handle in  the p i l o t 's  cockpit. When the
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t r a p  m s  opened, d u s t f e l l  down a  sm all chu te  in to  a  v e n tu r i  tu b e . T his 
was a  s h e e t m e ta l tu b e  f i t t e d  below  and i n  l i n e  w ith  th e  d i r e c t io n  o f  th e  
fu s e la g e . I t  was c o n s t r ic te d  a t  th e  p o in t  o r  th r o a t ,  where th e  d u s t 
f e l l  in to  i t ,  and f l a r e d  o u t a t  b o th  ends, in  f r o n t  b e in g  c i r c u l a r ,  and 
b e h in d  ro u g h ly  re c ta n g u la r  in  c ro s s  s e c tio n .  The g r e a te r  p a r t  o f  i t  l a y  
beh in d  th e  th r o a t .  The a t ta c h e d  pho tograph  ( P la te  l )  i s  s e l f  ex p lan a to ry .
ELATE 1.
V e n tu ri.
The forw ard  f l i g h t  o f  th e  a i r c r a f t  caused  h ig h  a i r  v e lo c i ty  a t  
th e  c o n s tr ic te d  th r o a t ,  a t  which p o in t  th e  d u s t f e l l  in to  th e  a i r  stream .
The g r e a t  a i r  tu rb u le n c e  i n  th e  r e a r  expanding p o r t io n  d is se m in a te d  th e  
d u s t.  T h is p ro c e s s  was a s s i s t e d  by  th e  s l i p  s tream . The h ig h  v e lo c i ty  
o f  th e  a i r  s tream  a t  th e  th r o a t  a ls o  caused  some su c tio n  w hich h e lp ed  to  
draw i n  th e  d u s t f a l l i n g  from above. F u r th e r ,  th e  s e t t in g  o f  th e  v e n tu r i  
below  th e  fu se la g e  he lp ed  to  keep th e  d u s t away from th e  a i r c r a f t  body 
and t a i l .
As th e  lo a d ed  a i r c r a f t  f lew  a lo n g , when th e  p i l o t  opened th e  
hopper t r a p ,  a  c loud  o f  P a r i s  Green and sand  m ix tu re  was l e f t  in  i t s  wake. 
T h is d u s t f e l l  to  e a r th ,  i n  t h i s  case  th e  la k e  edge, sp read in g  o u t a l l  th e  
w h ile , and c a r r ie d  by th e  wind i n  th e  d i r e c t io n  tow ards w hich i t  was b low ing. 
The a t ta c h e d  pho tograph , though im p e rfe c t, ( H a t e  2) i l l u s t r a t e s  t h i s .  In  
i t  th e  a i r c r a f t  i s  seen  f ly in g  e a s t  to  w est a long  th e  n o rth e rn  la k e  edge, 
and a  n o r th e r ly  wind i s  c a rry in g  th e  d u s t so u th  o v er th e  weed b e l t s .
ELATE 2.
p - '
As th e  p rev a ilin g  wind was no rth -w esterly  or n o rth e rly  our 
ro u tin e  l in e  of f l ig h t  was along the northern  bank of the lake . This 
allowed the dust to  be s a t is f a c to r i ly  d is tr ib u te d  over the  ta rg e t a rea .
The a i r c r a f t  was flown a t  a height of 30 -  60 fe e t depending on the 
s tren g th  of the wind. The presence o f telegraph po les along the  lak e  
edge made f ly in g  below 30- f e e t  too hazardous. Yftth a wind of 8 m.p.h. 
th e  f l ig h t  was done a t  40 -  50 f e e t ,  a t  12 m .p.h. 30- f e e t ,  and 4 - 5  m .p.h. 
a t  6 0 -feet. The higher the wind th e  lower the  a i r c r a f t  flew. The 
spraying was done once every eight to  ten days. This in te rv a l was found 
by the A.M. C.U* s observations in  1943 to  be safe enough to in te rru p t 
every breeding cycle throughout the season, though, in  the h o tte s t quarter 
when the breeding cycle was f a s te s t ,  Ju ly  to  September, we tr ie d  to  apray 
weekly. Spraying was done a t  08.30 hours during the g re a te s t p a rt o f the 
season. At th a t time there  was n early  always a g en tle  n o rth e rly  wind of 
about 8 nup.h. and i t  was not hot enough to  make the  f l ig h t  bunpy. As 
described in  Table I , from mid-October t i l l  November 3rd the wind did not 
become n o rth e rly  t i l l  e a rly  afternoon. Spraying was always postponed 
t i l l  th i s  happened fo r th e  following reasons.
The con tro lled  area contained many poo ls, channels and cu l-de-sacs 
among the  reeds. Experience soon taught the  A.M.C.U. which p laces were 
l ik e ly  not to  be covered by the d u s t, owing perhaps to  being ju s t  in  the 
le e  of high bulrushes. These places were always searched a f te r  each 
spraying and hand dusted with P a r is  Green. Had we sprayed with the wind 
from another d ire c tio n  we should not have known which spots were not 
covered, and breeding might have gone on undisturbed th ere . Spraying was 
not done i f  the wind rose higher than 12 -  14 nup.h. as  we found th a t  the 
dust was simply ca rried  o f f  by the wind, r is in g  in  eddies and f a i l in g  to  
f a l l  in  the con tro l area. Only on one occasion, 30th October, was a 
spray done with the wind any f a s te r  and then the p i lo t  had to  f ly  a t  such 
a low height as  to  be unsafe.
F lying in  the morning was always done from east to  west along the 
lake  edge so a s  to  avoid fly in g  in to  the  sun, a dangerous procedure when 
fly in g  low. The a i r c r a f t  flew a t  a ra te  of 90 -  100 m*p.h.
A mosaic a e r ia l  photograph o f the area to  be con tro lled  was taken 
in  May. This proved of the g rea te s t ass is tan ce  to  us a s  i t  showed up
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nooks and crannies among the  reeds, where weed was ly in g , and how b e s t to 
approach them w hile searching. I t  was a lso  e s se n tia l  as a guide fo r  the 
p i lo t s  o f  the spraying a i r c r a f t .
I t  was ca lcu la ted  from th is  photograph th a t  a t  le a s t  900 acres 
o f lake surface requ ired  dusting . To allow  1-lb* o f P a ris  G-reen p e r 
acre , the dose advised by more previous workers to  give g re a te s t sa fe ty  
(e .g . W illiams and Cook, 1927 and 1928, Watson 1936 and Kiker e t  a l  1936) 
would take 900-lbs. p e r dusting o r 3 > 600-lbs. per month. U nfortunately, 
a t  the time the  supply p o s itio n  in  Egypt was not good, and our ra tio n  a t  
f i r s t  was only 900- lb s .  each month, so th a t  we could only spray £ -lb s . o f 
P a ris  Green p a r acre i f  we covered the whole area.
A number o f experiments to  t e s t  the e ffec tiv en ess o f th is  
concentration are to  be described in  the next sec tion  o f th is  th e s is .
In  p ra c tic e  we found th a t  th is  concentration worked qu ite  w ell, p a r t ic u la r ly  
in  the  open weed area  before  the v illa g e . Areas o f lake abounding w ith  
la rv ae  were repeatedly  found to  contain  only dead la rv ae  a f te r  dusting.
In  September the R.A.F. M alario log ist fo r  Egypt, S/Ldr. O’Leary, was able
to  have our monthly ra t io n  ra ise d  from 900- lb s . to  2, 000- lb s . p e r month.
/
As a  r e s u l t  we were ab le to  increase  our dose o f P a r is  Green to  about 
■g-lb. p e r acre.
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EXBBRBIBNTS WITH AIRCRAFT SPRAYING.
A. EXPERIMENTS WITH THE LYSANEER.
1. Flow Tests.
On May 13th 1944> F /L t. Dowding, f ly in g  the a i r c r a f t  a t  a  ground 
speed o f 100 n u p .h ., w ith  a  f u l l  load  o f 780- lb s# , opened the trap  a t  
apertu re  No. 2 (h a lf  open). The load  endured 3 minutes 3 seconds during 
which time the a i r c r a f t  covered 5 m iles o f the con tro l area . A simple 
ca lcu la tio n  revealed  th a t  th e  r a te  o f flow was about 236- lb s .  p e r  minute.
On 17th May, 1944j w ith  F /L t. Clarkson as p i lo t ,  we repeated th is  
t e s t  using apertu re  No. 1 (q u a rte r  open). This time a  f u l l  load  endured 
between 4s" and 5 m inutes, and the r a te  o f  flow worked out a t  about 165- lb s . 
p e r minute.
With our small r a t io n  o f B aris Green and w ith  a  la rg e  area  to  
cover, we had no choice but to  use apertu re  No. 1 in  our con tro l.
2. D r if t  T ests.
On 5 th  May, 1944> an experiment was done using a  load o f 130-lbs. 
o f  m ixture (we used B aris Green one p a r t ,  to  sand 3 p a r ts ,  by volume).
The wind was W.S.W. and about 8 - 1 0  nup.h. The p i lo t ,  F /L t. Clarkson, 
flew across the aerodrome a t  a  height o f 50- f e e t  in  a  l in e  a t  r ig h t  angles 
to  the d ire c tio n  o f the wind. To the leeward side and a t  r ig h t  angles to 
the l in e  o f  f l ig h t  we placed on the ground microscope s lid e s  a t  f ixed  
in te rv a ls . The cen tra l square inch o f each s lid e  was marked by wax p e n c il, 
and the  top o f  each s lid e  was s lig h tly  greased w ith v ase lin e . As the 
a i r c r a f t  flew  across the  aerodrome, the p i lo t  opened the trap  a t  apertu re  2 
and B aris  Green dust escaped and bellowed to  the ground, ca rried  by the 
wind across the ground on which the s lid e s  lay . The s lid e s  were co llec ted  
c a re fu lly  and, under the  low power microsoope, the number o f p a r t ic le s  of 
B aris Green in  the cen tra l square inch o f each was counted. This was b e s t 
done by s e ttin g  the  re f le c tin g  m irror a t  r ig h t  angles to  the s tage when 
the green p a r t ic le s  stand out c le a r ly  against a  dark background. This 
t e s t  was s im ila r  to  those done in  1943 by F/0 Redmond King. I  was 
a ss is te d  in  i t ,  as  w ith e l l  the  experiments described, by the members o f 
the A.M.O.U. The r e s u l ts  are tabu la ted  as fo llow s:-
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TAELE I I I
R esu lt o f D rif t Test on 5 th  May* 1944. (Trap a t  apertu re  2).
D istance o f s l id e  from 
a i r c r a f t 's  l in e  o f f l ig h t .
No. o f P a r tic le s  o f P a ris  Green p e r 
square incji o f  s lid e .
50-yards 6
100-yards 8
150-yards 25
200-yards 40
250-yards 18
300-yards 12
400-yards 18
500-yards 15
American workers (Williams and Cook 1928 and Watson 1936) showed 
th a t 20 to  25 p a r t ic le s  ( le s s  in  some in stances) o f the P a ris  Green to  the 
square inch  would k i l l  Anopheline la rv ae . Table I I I  shows th a t  in  th is  
experiment these figu res were a tta in e d  only a t  150-yards and 200-yards from 
the l in e  o f f l ig h t .
Before the t e s t  began, un fo rtunate ly , some P a ris  Green mixture was 
poured in to  the hopper w ith  the trap  open and sp ille d  in to  the ven tu ri. I t  
was poured back b u t no t before the  wind had d iss ip a ted  some o f the P a ris  
Green p a r t ic le s  (which were 1/3 to  l / 2  as small as the sand p a r t ic le s ) .  The 
number o f p a r t ic le s  o f P a ris  Green on the s lid e s  would otherwise have been 
h igher than shown.
We d id  a  s im ila r t e s t  on 17th May, 1944* F /L t. Clarkson p ilo te d  
the  Iysander and the tra p  th is  time was a t  apertu re  No. 1 • The wind was
V.N.W. and about 6 - 8  nup.h. The a i r c r a f t  flew  a t  4 0 -fee t. The re su lts  
a re  given in  the  following ta b le : -
TABLE IV
R esu lt o f  D r if t  Test on 17th May. 1944- (Tran a t  Aperture 1 ).
Distance o f s lid e  from 
a i r c r a f t 's  l in e  o f f l ig h t .
No. of p a r t ic le s  o f P a ris  Green 
per scruare inch of s lid e .
50-yards 32
100-yards 66
150-yards 18
200-yards 30
250-yards 36
300-yards 20
400-yards 13
500-yards 14-
- 16-
This more s a tis fa c to ry  d is tr ib u tio n  was probably due to  the 
slower speed o f the wind and the lack  o f  g u s ts , and a lso  to  the a i r c r a f t  
being flown a t  a  lower he igh t. Also, during th is  experiment there  h«d 
been no acc id en ta l lo s s  o f P a ris  Green.
3* B io log ica l Tests.
As mentioned in  the previous section  o f th is  th e s is  we found in  
p ra c tic e  th a t although we were not d is tr ib u tin g  1 -lb . o f P a ris  Green to  
the  acre  over a l l  our con tro lled  area (o r  25 p a r t ic le s  per square inch) 
the lower concentration  was working qu ite  we l l  e sp ec ia lly  in  the la rg e  
open area  o f weed before  th e  v illa g e . At the request o f L t.C ol. Caplan, 
an Army m a la rio lo g is t, who v is i te d  the s ta tio n  on 8th  June 1944> we 
attem pted to  t e s t  our work w ith l iv e  A. pharoensis la rvae . For th is  
purpose th e  w rite r  devised the following experiments.
On June 13th we placed bowls o f w ater, each containing the same 
number o f  la rv ae , on the  aerodrome a t  r ig h t  angles to  the usual in te rv a ls  
from the aero p lan e 's  planned l in e  o f f l ig h t .  We placed a greased s lid e  
beside  each bowl. Everything possib le  went wrong. The wind blew up and 
sca tte red  the  P a r is  Green dust f a r  and wide, so th a t on no s lid e  were there  
more than 10 p a r t ic le s  o f P a r is  Green p e r square inch, and on most le s s  than
5. A dust storm smothered the bowls in  sand. The only la rv ae  we had a v a il­
able fo r  the  t e s t  were l a t e  4 th  stage. At th is  stage larvae  e a t very l i t t l e .
aSome even p u p a te d  during the te s t .  Because o f the advance stage o f the
h
la rv ae  we could not postpone the experiment to  a  le s s  windy day. 75$ o f th e  
la rv ae  were dead a f te r  6 hours bu t no conclusions could be drawn from th a t.
We repeated  th e  experiment on 11th Ju ly , 1944* when there was an 
8 m.p. h. wind. Trap apertu re  No. 1 was used which allowed a  flow o f about 
165-lbs. o f  dust p e r minute, and we used 25$ P a ris  Green in  sand. The p i lo t  
flew  a t  40 fe e t  and a t  about 100 nup.h. We placed saucers on the aerodrome 
a t  the usual in te rv a ls  to  the  le e  and a t  r ig h t angLes to  the l in e  o f f l ig h t .
Lake w ater was placed in  each saucer to  a  depth o f one centim eter and in  each 
saucer we p laced  ten  A. pharoensis larvae o f l a te  th ird  o r ea rly  fourth  stage. 
The number te n  was chosen as being the g re a te s t number ever found in  the lake 
in  an area  the  s ize  o f  a  saucer. (As a  ru le  the number found was much sma l l e r) . 
The average diameter o f the water surface was 12 cms. The observations were 
c a rried  out fran  09.30  hours to  14.30  hours lo c a l time. The saucers were 
topped up w ith  lake water a f te r  one and th ree  hours to counteract evaporation.
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£ co n tro l saucer was kept in  the  open a t  s ta tio n  s ick  quarters away from the 
P a ris  Green dust* A fte r the a i r c r a f t  sprayed the  area of the aerodrome where 
the  saucers la y ,  they  were examined a t  hourly in te rv a ls  and a count of the 
dead la rv ae  made* Some larv ae  lay  s t i l l  and appeared dead but when the 
water was s t i r r e d  with a match near them, they  could be seen to  wriggle*
The experiment was stopped a f te r  5 hours as  i t  was obvious how e ffe c tiv e  the 
spray had been, and because the  con tro l larvae  were beginning to  d ie  o f f ,  due 
probably to  lack  o f s h e lte r  from th e  sun* The re s u l ts  of the t e s t  a re  given 
in  th e  follow ing ta b le : -
TABLE V.
R esu lt of B io logical Test on 11*7*44*
lueer
saber
No. o f la rvae  
in  saucer*
D istance from 
l in e  o f a i r ­
c r a f ts  flig h t*
m
1 hour
mber of d 
2 hours
ead larva
3 hours
e a f te r  
4  hours 5 hours.
1. 10 50pyards 9 10 — — —
2. 10 100-yards 7 10 — — —
b 10 130-yards 4 10 — — —
4* 10 200- yards 0 7 9 9 10
5. 10 250-yards 0 9 10 — —
6. 10 300-yards 2 6 6 9 9
7. 10 400-yards 1 3 4 6 9
Btrol 10 Kept a t  Sick 
Q uarters
0 0 1 2 3
As fu rth e r  con tro l t e s t s  were requ ired , th is  experiment was repeated 
on 11th August a t  the same time o f day with th e  same number and stage of la rv ae ,
and the saucers a t  the same p o in ts  on the  aerodrome* As fa r  as  possib le , a l l  
conditions were duplicated  except th a t no spraying was done* Unfortunately, 
a t  13*00 hours th e  wind speed suddenly rose from 8 m*p*h* to  17 m*p*h* and 
remained a t  th a t speed* As a r e s u l t  the water in  the saucers was kept 
ag ita te d  and numbers of la rvae  drowned* However, considering th a t in  .the 
sprayed t e s t  th e  P a r is  Green had done the bulk o f i t s  work by 13*00 hours, X 
b e liev e  our con tro l was adequate to  prove the effectiveness o f the spray a t  
th e  concentration  used. The water was again topped up a f te r  one and th ree 
hours. Larval counts and tenperature readings were again done hourly. The 
re s u l ts  a re  tabu la ted  in  Tables VI (A) and VI (B) below*
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TABLE VI (A)
Control B iological Experiment on 11.8.41.
Saueer No. o f  la rv ae  
in  saucer. 1 hour
dumber of 
2 hours
dead larvt 
3 hours i
*e a f te r  
4  hours 3 hours
1 10 0 0
•  1 3
2 10 0 0 1 | 2 4
3 10 0 0
0 ^ 9 0 3
4 10 0 0 0 0 1
5 20 0 0 0 0 1
6 10 0 0 0 \ ff 0 5
7 10 0 0 0 I 0 3
8 10 0 0 3_ I « 3
Wind increased in  stren g th  to  17 nup.h* 
a t  13*00 hours (see  above).
TABLE VI (B)
Temperature readings in  degrees Fahrenheit in  Control 
B io log ical Experiment on 11.8.44*
i Time Air temperature Saueer
1
Saucer
2
Saucer
3
Saucer
4
Saucer
3
Sauoer
6
Sauoer
7
Sauoer
8
Cenmen
Cement 
09-30 | 
hours* 1
81 80 80 80 80 80 80 80 80
1 hour 
•after. 81 I 821
. .......................................................... ............  .  . .  L.  . . .  ...._
83 81 82 83 82 82
(
82
2 hours 
jafter*
i —-
82 83
.
84 83 83 83 84 83
.
84
3 hours 
after. S3 84 85 84 84 84
ir\co 84 85
4 hours 
alter* 83 84 84 85 84 84 84 84 84
5 hours 
after* 84 85 85 84 85 84 84 84 85
f
(b) e x p e rim m s with am  avro tu to r  ( 626) .
The Avro Tutor was loaned to  us by the Royal Egyptian A ir Force* 
and p ilo te d  by Egyptian o f f ic e r s .  Wien f u l l  i t s  hopper could carry  570-lbs. 
o f P a ris  Green* but unlike the  loaded Lysander* i t  could not then carry  a 
passenger. I t  had a tra p  operated by a handle in  the p i l o t 's  cockpit and 
there  were 10 p o ssib le  s ize s  o f apertu re  fo r the escape of the  dust. I t  
had th e  usual v en tu ri tube. I t  sprayed a t  a speed of about 100 m.p h.
As we did not operate with the  Avro u n til  mid-October, by which 
time the A.M.C.U. was a t  skeleton s tren g th , we did not have the personnel 
needed fo r  e laborate  experiments.
We were able to  do a number o f flow endurance te s ts*  however* and 
th ese  a re  tab u la ted  below (Table V II). The conclusion from these was th a t 
th e  r a te  o f flow a t  a given apertu re  was not a t  a l l  constant. As th is  
was possib ly  due to  v a ria tio n s  in  the density  of packing of the dust above 
th e  trap* we should have lik ed  to  have had in s ta l le d  a simple a g ita to r  to 
see i f  th i s  co rrec ted  the  f a u l t .  We did not have the  opportunity to  do 
th i s .
TABLE VII 
Flow T ests with the  Avro Tutor (626)
Date J No. o f ap ertu re  
used.
Rate of flow o f dust 
in  pounds per minute. Remarks
23rd October* No. 5 180-lbs. per minute. Across wind.
1944 -*.o 160-lbs. per minute. Across wind.
30th October* No. 5 300- lb s .  per minute. Flying across wind.
1944
No. 5 440-lbs. per minute. Flying in to  wind.
No. 3 360-lbs. per minute. Across wind.
No. 2 270-lbs. per minute. Across wind.
Experiments with a i r c r a f t  spraying a re  laborious with many p i t f a l l s .  
A number o f  a s s is ta n ts  a re  required. Sudden changes o f weather can ru in  a 
t e s t  and co n tro ls  a re  d i f f i c u l t  to  arrange. The judgment of a p i lo t  as to  
h is  a l t i tu d e  may be fa u lty . Winds do not remain constan t, and mechanical 
fa i lu re s  occur. N evertheless, experimental work i s  e sse n tia l fo r success 
and must be persevered with.
THE AIRCRAFT SPRAYING IN 1944 -  MODIFICATIONS INTRODUCED.
On May 17th* 1944* F/!Lt. Clarkson did the  f i r s t  spraying o f the 
year, f ly in g  in  the Lysander. He d is tr ib u te d  one load o f 780-lb s . o f 23j& 
P a ris  Green through ap ertu re  No. 1 over the  la rg e  weed area opposite the 
v illa g e . So f a r  breeding had been confined to th is  area.
On May 30th the next dusting was done. The con tro l o f  the trap  
was e r r a t ic  due to  p a r t ia l  f a i lu re  of th e  exactor oontrol. As a re su lt  the 
flow was uneven. As they had done before during the prelim inary te s ts*  the 
neighbouring R.A.F. un it which serviced the Lysander then adjusted  the 
exactor co n tro l, and the  next spraying on June 8th was s a tis fa c to ry . This 
time the a i r c r a f t  a lso  sprayed the weed b e l ts  alongside the camp where A. 
pharoensis breeding had now spread. On June 19th th is  was done again but 
th e  p i lo t  flew muoh too high (80 -  90 fee t)  and the A.M.C.U. had to do muoh 
hand-spraying with P a ris  Green to  condensate. This had a lso  to  be done 
a f te r  the  next spray on June 29th* when the wind rose too high fo r  successful 
dusting .
In  Ju ly , a f te r  a s a tis fa c to ry  spray on the  11th* the  dust escaped 
about th re e  tim es too f a s t  during the spray o f  the 18th. We therefo re  
repeated th e  spray on the 20th* but th i s  time the dust esoaped too slowly.
A repeat spray the  follow ing day was successfu l.
The u n it serv ic ing  the  a i r c r a f t ,  in  the  hope th a t they might co rrec t 
t h i s  v a riab le  ra te  o f flow, f i t t e d  an a g ita to r  to  the hopper. This was 
operated by a passenger in  the re a r  cockpit ro ta tin g  a handle on top o f the 
hopper l i d .  A sh a ft led  down from th i s  to  near the  o u tle t o f th e  hopper, 
where the small b lades of the  a g ita to r  churned up the  dust to  prevent i t  
pecking.
This m odification did not succeed in  i t s  o b jec t, and i t  was c le a r  
th a t  th e  exactor contro l was a t  fa u lt .  I  was infoimed verb&lly by the 
R.A.F. M alario log ist fo r  Egypt, S/Ldr. O'Leary, th a t the designer had f i t te d  
an exactor con tro l because in  theory , i t  was capable o f very f in e  adjustments 
so th a t  th e  p i lo t  could gradually  open the tra p  when a load of dust was 
becoming exhausted. From th is  time on t i l l  a d iffe re n t design of trap  and 
contro l wes f i t t e d  the flow of P a ris  Green was usually  too f a s t ,  although 
the p i lo ts  stuck to  ap e rtu re  No.l. On 29th Ju ly  th is  occurred* and a f te r  
a good spray on 5 th  August* we had i t  happen again on the 12th.
A serio u s  mishap then occurred. P a rt o f  the Lysander* s t a i l  
assembly became unserviceable and as i t  i s  an obsolete machine no spare 
p a r ts  were availab le*  and the required p a r t  had to  be made in  the workshops 
of our se rv ic in g  u n it . This took a fo rtn igh t*  during th e  height of the  
season, when weekly spraying was e s se n tia l. The A.M.C.U. did the most 
extensive handspraying po ssib le  in  an e f fo r t  to  compensate, but the con tro l 
suffered .
On 26th August, when the required p a r t was made and f i t t e d ,  the 
next spray was done and the flow was again too f a s t ,  so th a t while the a i r ­
c r a f t  f a i r l y  p la s te re d  the area i t  did dust* i t  could not cover the whole of 
th e  ground and th e  A.M.C.U. had again to  do extensive hand spraying. Mean­
while th e  tech n ica l o f f ic e rs  of the neighbouring serv ic ing  u n it were a t  work 
designing a new tra p  and co n tro l. At th e  w r i te r 's  request they abandoned 
th e i r  plan to  f i t  an e le c tr ic  motor to  expel the  dust a c tiv e ly  and concentrated 
on a simple mechanical device. This however* was not to  be completed and 
f i t t e d  t i l l  mid-October.
On 4 th  September th ree  loads o f B aris Green m ixture were used of 
whioh only the 2nd was d is tr ib u te d  s a tis fa c to r i ly .  The f i r s t  and th ird  loads 
escaped too quickly. On the 12th* the f i r s t  o f two loads escaped too fa s t  
but the  second was s a tis fa c to ry . On th e  20th September, although th e  wind 
was r e a l ly  too high (14 m .p .h .) a spraying was done. As usual, in  order 
to  compensate fo r the  very rapid escape of d u s t, the p i lo t  flew along the 
course as  f a s t  a s  he could to cover as much o f the  contro lled  area as possib le. 
September 29th saw us with our increased ra tio n  o f P aris  Green, and to  the 
p i l o t 's  diaoay we had four loads o f  dust fo r  him to  d is tr ib u te*  to  help 
compensate fo r the  too rap id  flow. We did th i s  agsin on the 6th o f October.
On the  34th October th e  Lysander operated fo r  th e  f i r s t  and le s t  
time a t  our s ta tio n  f i t t e d  with the new tra p . This consisted  o f a b u tte r f ly  
type o f f la p  p ivo tted  behind cen tre  across the f la p , with a chain operating 
the  f in a l  d riv e .
TAIL END PIVOT 130321 22333
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DIRECTION OF OPENING
A cable from the handle in  the p ilo t 's  cockpit operated the chain. 
There were f iv e  apertures slo tted  a t the handle. This simple trap worked
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very well and was a b ig  improvement on the  exactor co n tro l. An even flow o f 
dust was obtained and an excellen t spray done. A perture No.2 gave a flow o f 
110-lbs. per minute and No.4 apertu re  a flow o f 2^0-lbs. p er minute. Aperture 
No.3 should have been ju s t  r ig h t fo r our con tro l. U nfortunately, we were not 
given the opportunity  to  t e s t  th i s  as the Lysander was a l lo t te d  to  another 
s ta t io n ,  and we had to  carry  on with th e  Avro Tutor.
This machine was based a t  one h o u r 's  fly in g  d istance from our s ta tio n  
and communications were d i f f io u l t .  I t  was not possib le  however, to  have the 
a i r c r a f t  based lo c a lly . As a r e s u l t  we had to  arrange fo r spraying the 
previous day, and on severa l occasions when th e  a i r c r a f t  a rr iv ed , th e  weather 
was u nsu itab le  and i t  had to  re tu rn  to  base or wait on our s ta tio n  fo r th e  
weather to change. This proved inconvenient to  the Egyptian A ir Force and 
ourselves.
Another d i f f i c u l ty  was th a t  in  order to  give experience to  as many 
o f th e i r  personnel a s  p o ss ib le , th e  Royal Egyptian A ir Force sent a d iffe re n t 
p i lo t  fo r  eaoh spraying. This involved for th e  w rite r many hours o f explan­
a tio n  o f  the  route and technique, to  eaoh fresh  p i lo t  in  tu rn . Some misunder­
standings occurred due to  language d i f f i c u l t i e s .  F in a lly , Moslem f e s t iv a ls ,  
during which no fly in g  could be done by the R .E .A .F., on occasions caused the 
spraying to  be postponed too long or done too soon to  be fu lly  e ffec tiv e .
Table VH above summarises our t e s t s  with the  Avro Tutor. At the 
tra p  ap ertu res  te s te d  th ere  were considerable v a ria tio n s  in  the r a te  of flow 
o f dust.
The follow ing ta b le  (V U l) i s  the most convenient form to  describe 
our experience with th e  Avro Tutor and the d i f f ic u l t ie s  encountered.
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TABLE V III
D iary of A irc ra f t  Spraying with Avro Tutor.
1 te of Spray P ilo t Remarks
i fa October 9 
1944
P/0 R isk , 
R.E.A. P.
A irc ra ft a rriv ed  in  evening. Wind next day too strong. 
Returned to  base without spraying.
\ rd October,
1944
P/0 Abdul 
Hamid, 
R.E.A.F.
Spraying done in  afternoon when wind su ita b le . F i r s t  run 
done too high and too fa r  south. The p ilo t  then got the 
id e a , and did the second and th ird  runs very w ell. Eaoh 
load weighed 570-lbs. Today 3Jfc o f P a ris  Green in  sand 
by volume was used. (See tab le  VII fo r ra te s  of flow of 
dust a t  ap ertu res  today).
th October, 
1944.
P/0 Kamil, 
R.E.A.F.
Lake spray commenced a t  13*00 hours when wind became 
no rth e rly . The wind was a c tu a lly  too fa s t  fo r  spraying 
( 1 5 - 2 0  m .p.h .) but th e  p i lo t  flew so low (20 fee t)  th a t 
a successful spray re su lted . This height i s  however, 
unsafe because o f telegraph poles along the road, and a 
high build ing a t  the v illa g e . The runs were done a t  100 
nup.h. A pertures No.2 and 3 were used. (See ta b le  VII 
fo r  endurance) •
i November , 
1944.
? ? Machine arriv ed  to  f in d  ra in  and unfavourable weather and 
retu rned  to  base a t  once without spraying.
!&- Owing to  heavy ra in  the aerodrome became unserviceable t i l l  13th November, when 
th e  s ta t io n  commander passed i t  a s  f i t  fo r  use by l ig h t  a i r c r a f t  such as the 
Avro Tutor. The a i r c r a f t  d id  no t a c tu a lly  a r r iv e  t i l l  16th November, 1944, no 
le s s  than 17 days a f te r  the l a s t  spray*
hNovember,
1944.
1
P/0  Iman,
R* E. A. P •
:
Three lo ad s , eaoh 5 7 0 -lb s ., o f 3 3 P a ris  Green were sprayed 
through ap ertu re  No#3* The wind was 20 nup.h. and too fa s t  
bu t owing to  th e  in te rv a l since the  l a s t  spray and the 
d if f ic u l ty  in  g e ttin g  the  machine i t  was decided to  proceed 
with the  spray. The f i r s t  run was too high, too fa r  south 
and s ta r te d  too fa r  to  the e a s t. During the  second run the 
p i lo t ,  misunderstanding h is  o rders , turned south halfway and 
then c ircu ite d  the aerodrome spraying i t  with P aris  Green 
from a height of 500 fe e t. The th ird  run was sa tis fa c to ry .
id Hovtober,
19W.
? ? Yftnd unsuitab le. Heavy ra in  made aerodrome unserviceable 
u n ti l  1.12.44* A irc ra f t remained on aerodrome.
i December,
isw*■*
P/O Iman, 
R.E.A.F.
Another Avro Tutor modified fo r  spraying in  the same way was 
used. Three runs were done and apertu re  No.3 employed. 
Speed 100 m.p. h. Rate o f flow again varied . S a tisfac to ry  
spray.
In th e  1944 season a to t a l  o f  23 a i r c r a f t  sprayings were done, 19
with the  Lysander and 4  with the  Avro Tutor.
1
MALARIA STATISTICS AT THE CA1&P AND VILLAGE
In  1942 th e re  were 187 cases o f fre sh  m alaria n o tif ie d  a t  our 
aerodrome, In  1943, a f te r  con tro l b7  a i r c r a f t  spraying and weed plucking, 
th e  f ig u re  f e l l  to  55* In  1944# when a i r c r a f t  spraying was extended to 
the •village a s  described , the fig u re  again f e l l  to  37, o f which 35 were 
benign te r t i a n  and 2 were malignant t e r t ia n .  (There were a lso  18 m alaria l 
re lap ses  in  1944, 17 B.T. and 1 M.T.)
For s e c u rity  reasons the  streng th  o f the s ta tio n  cannot be given.
Ijt was made up a t  any one time o f a number o f squadrons. Of th ese , a l l  
but one were h ighly  m obile, moving in  and out a t  sho rt n o tice . In 1944, 
th e  average s ta tio n  s tren g th  throughout the season was a l i t t l e  g rea te r  
than in  1943, though i t  was reduced towards the end o f the year. Tfcre 
s tren g th  in  1942 i s  not known exactly , but i s  understood to  have been 
roughly th e  same as  in  th e  two succeeding years. The m alaria incidence then 
was re sp ec tiv e ly  th ree  times and fiv e  times g re a te r  than in  1943 and 1944*
The a ttached  graph (Graph N o.l) g ives the monthly case incidence 
in  1943 and 1944* The month by month incidence o f the 187 oases occurring 
in  1942 i s  not known. The graph shows th a t September, October and November 
were the worst months fo r  m alaria on th e  s ta tio n . The absence o f any 
cases in  December 1944 i s  probably in  p a rt due to th e  ea rly  onset o f winter 
th a t  year. Waves o f cases occurred from 14 days a f te r  the mosquito 
invasions a t  th e  end of August, and a t  th e  end of October and beginning o f 
November. I t  w ill be reca lled  th a t these invasions were due to  south­
e a s te r ly  winds.
P ossib ly , th e re  was a g rea te r improvement in  the malaria p o sitio n  
in  1944 than these fig u res  show, fo r  th e  following reasons. Benign Tertian  
m alaria in  Egypt can be mistaken c l in ic a l ly  fo r sandfly fever, a s  both 
d iseases frequently  have th e  same i n i t i a l  symptoms o f pyrexia, fro n ta l 
headache aggravated by movement o f the eyes, and shivering. Mild cases 
o f B.T. m alaria m y  subside without sp ec ific  treatm ent. A blood smear or 
smears w i l l ,  o f  course, c linch  the d iagnosis, but our s ta tio n  was nearly  
30 m iles by road from the n earest h o sp ita l. P rio r to  1944 a l l  s lid e s  or 
p a tie n ts  had to  be sent th i s  d istance fo r diagnosis, and i t  would not be 
su rp ris in g  i f  mild cases were now and again tre a ted  expectantly , without 
a smear being taken. In  the  event o f  spontaneous recovery, such cases 
might be lab e lled  sandfly fever. This might also  occur i f  the  f i r s t
-24-
Qrnpfitusov*
\ C\W^
smears were negative . In  1944* Major Redmond King k in d ly  loaned us a 
microscope which we held  a t  S ta tio n  Sick Q uarters. We d id  blood smears 
on every doubtfu l p y rex ia , and, thanks to  th e  d iag n o stic  s k i l l  o f my 
co lleague, F /L t. A.P. Macdonald, R.A.F.V.R. , I  th in k  th i s  d i f f ic u l ty  was 
avoided in  1944.
I t  was decided to  in v e s tig a te  th i s  f u r th e r ,  and the w rite r  s tud ied  
the sandfly  fev er incidence o f th e  only s t a t i c  squadron on th e  s ta t io n  from 
1942 to  1944. I t  was, in  f a c t ,  found th a t  a s  a n tim a la r ia l co n tro l and 
d iagnosis had improved, th e  incidence o f  sand fly  fever had been g re a tly  
reduced, (see  Graph No. 2 ).
The population  o f  th e  v i l la g e ,  26,000* i s  not a m ili ta ry  s e c re t ,  
and the w rite r  had access to  th e  m alaria s t a t i s t i c s .  In  1938* th e  Egyptian 
Government s e t  tip a m alaria d iag n o stic  and f re e  treatm ent cen tre  in  the  
v i l la g e . As th ere  had been no previous records, every case th a t occurred 
had a t  f i r s t  to  be recorded as  f re sh , though i t  might in  f a c t ,  be a rb lap se . 
As w ith the  R.A .P., any case occurring  w ithin a year o f a previous a t ta c k  
was recorded a s  a re la p se . The follow ing ta b le  i l l u s t r a t e s  th e  r is in g  
number o f n o tif ic a t io n s  from 1938 to  1941* and th e  drop in  th e  number o f 
fre sh  cases th a t  occurred in  1944.
TABLE XX
M alaria cases n o tif ie d  a t  th e  V illag e  1938-1944*
SEAR FRESH CASES 
NOTIFIED.
RELAPSES
NOTIFIED
REMARKS
1938 706 857 At f i r s t  a l l  cases had to  be n o tif ie d  a s  fre sh . 
(See above).
1939
1940
135
235
770 ) 
915 )
The C lin ic  i s  g radually  becoming known to  th e  
na tiv e  community.
1941 446 1637 -----
1942 1042 1342 Thousands o f  non-immune refugees from the Axis 
bombing o f the  n ea res t town sw elled the number 
o f fre sh  cases.
1943 421 1275 A ll th e  refugees except fo r  a few hundred re ­
turned to  th e  town. Aeroplane spraying and 
weed l i f t i n g  eanaaenced opposite  the  R.A.P. camp.
1944 154 1422 Aeroplane spraying extended to  th e  v i l la g e .
In  view of these  very  high figures*  i t  would have been o f in te r e s t  to  
discover the  spleen r a te .  U nfortunately* B ilh arz ia  i s  a lso  very  p rev a len t, 
there being ^00 to  400 fre sh  cases y ea rly  according to  th e  lo c a l d o c to r, and 
ao th is  examination wss no t done.
With th e  help o f th e  lab o ra to ry  worker a t  th e  v i l la g e  c l in ic ,  I  was
G r a p h
able to  o b ta in  th e  type incidence o f fre sh  m alaria from 1942 to  1944* I t  
i s  given in  the follow ing ta b le : -
TABLE X
Type o f  f r e s h  m a la r ia  o c c u r r in g  a t  th e  v i l l a g e  from 1942 t o  1944*
Year B.T. M.T. T o ta l P e rc e n ta g e  o f  M.T. in  T o ta l
1942 806 236 1042 22.
1943 319 102 421 24.1#
19*f4 136 18 154 11.75C
Thus, in  1944 the  incidence o f M. T. was r e la t iv e ly  h a lf  o f  the 
incidence in  the previous two y ears.
The follow ing ta b le  shows how, a t  the v i l la g e , M.T. occurs c h ie f ly  
in  th e  months o f September, October and November. (Of the 2 M.T. cases on 
the R.A.F. camp, one occurred in  August and one in  November).
TABLE XI
Monthly in c id e n c e  and ty p e  o f  f r e s h  m a la ria  
 a t  th e  v i l l a g e  fo r  1942 -  1944*________
Month 1942 1943 1944
B. T. M.T. Total B.T. M. T. Total B.T. M.T. Total
January 3 1 6 3 1 4 8 1 9
February 3 4 7 - - - - - -
March 7 1 8 - - - 1 1 2
April 16 1 17 5 - 5 - - -
May 52 1 P 53 17 - 17 2 - 2
June 56 - 56 34 - 34 3 - 3
July 133 1 136 23 1 24 15 - 15
August 138 3 141 46 - 46 12 - 12
September 240 36 296 37 2 39 34 - 34
October 83 88 171 47 28 75 26 4 30
November 64 67 131 85 68 153 25 7 32
December 7 13 20 22 2 24 10 5 15
TOTALS 806 236 1042 319 J 102 421 136 18 • 154
The a g e  in c id e n c e  o f  f r e s h  m a la r ia  v a r ie d .  In  g e n e ra l  m ost o f  th e
cases occurred under th e  age o f 5 y ears, and the  next most numerous group o f 
cases occurred between the ages o f 5 end 10 years . There was a sharp f a l l  
between the ages o f 10 -  15, end anything between one ten th  and one th ird  o f 
the to t a l  cases occurred over the age o f 15* There was no s ig n if ic a n t 
difference in  th e  age d is tr ib u tio n  o f B.T. end M.T. m alaria .
The improvement in  the m alaria p o s itio n  a t  th e  v i l la g e  follow ing 
our extended aeroplane spraying i s  c le a r ly  shown in  Graph No. 5*

DISCUSSION.
As weed plucking was not done a t  the v i l la g e , the  only contro l 
measure common to  both camp and v illa g e  was a iro x e ft spraying. Prophy­
la c tic  Mepacrine was not in  use in  Lower Egypt. Assuming th a t a contro l 
problem a r i s e s ,  fo r  the  so lu tio n  o f which a i r c r a f t  spraying i s  requ ired , 
i t  i s  necessary  to  understand the techn ical requirem ents. Unless these 
are f u l f i l l e d ,  r e s u l ts  w ill be disappointing. I t  i s  proposed to  enumerate 
and d iscuss th ese  requirem ents.
1«-.The P i lo t . Uniformity i s  necessary. Good spraying i s  d i f f i c u l t ,  and 
requires an experienced p i lo t .  I f  one p i lo t  does the work throughout the 
season, he becomes acquainted with the lo c a l f ly in g  conditions and fam ilia r 
with th e  req u ired  l in e  o f f l ig h t .  To allow fo r  sickness and leave , 
another p i l o t  should be given experience w ith the  machine, a s  i s  possib le  
in the i n i t i a l  t e s t s .
2. The A ir c r a f t . A v a r ie ty  of a i r c r a f t  have been used fo r a n tila rv a l 
spraying. E arly  American workers (Williams and Cook, 1927 and 1928) used 
machines such a s  the  T.W.3 and th e  N.B. 2, carry ing  resp ec tiv e ly  200 and 
300 pounds o f  d u s t. This meant frequent loading which i s  w asteful. L ater 
workers (in c lu d in g  Murray and Knutson, 1944) have used open Steaiman b i­
planes w ith a 300 h .p . engine, carrying 600 to  800 pounds of dust a t  a 
speed o f 75 m iles per hour, and a lso  Huff Deland open b ip lanes with 200 h ,p . 
engines, f ly in g  a t  82 m iles per hour, carry ing  a dust load of 600 pounds.
The la tte r  a ircra ft was actu a lly  designed for dusting cotton against the 
boll w eevil. Legendre (1934) used f ir s t  a Potez 33 with a Salmon 300 h.p. 
engine and then a potez 25 with a Lorraine 450 h.p. engine. Covell and 
Afridi (1937) carried out th eir  t r ia ls  with a D.H.83 Pox Moth biplane which 
seems to  have worked w ell.
Our Lysander was powered by an 830 h .p . engine, and the Avro 
Tutor (626) b ip lane w ith an engine o f  about 270 h .p . The Lysander i s  much 
more h eav ily  powered than the  o ther a i r c r a f t  mentioned, since i t  was 
designed fo r  m il i ta ry  purposes requ iring  th a t  power. I t s  hopper could hold 
800-lbs. o f  dust when q u ite  f i l l e d  and i t  could a lso  oarry  a passenger to  
operate th e  a g i ta to r  when Ib is  was in s ta l le d . The dust load of th e  Avro 
Tutor was 5 7 0 -lb s ., and when loaded i t  could not ca rry  a passenger in  
ad d itio n . A ll the  a i r c r a f t  mentioned a re  s in g le  engined.
I t  i s  e s se n tia l th a t  a spraying aeroplane should be ab le  to  f ly  low
- 28-
and slow w ith sa fe ty , while carry ing  an adequate load o f ls rv ic id e .  The 
Lysander f u l f i l s  these requirem ents, bu t th e re  were c e r ta in  ob jections to  
i t .  The p i lo t s  agreed th a t  i t  was unpleasant to  f ly .  The reason i s  un­
c e r ta in , b u t may have been th a t the v en tu ri blanked o f f  the  under-surface 
of th e  e le v a to rs , making th e i r  con tro l d i f f i c u l t .  In  ad d itio n , the  Lysander 
had become obso le te , and spare p a r ts  were d i f f ic u l t  to  ob tain . On the other 
hand, th e  Avro T utor, which i s  a b ip lan e , brought no fly in g  complaints from 
the p i l o t s ,  bu t ca rried  a sm aller load o f  dust and was a lso  obsolete.
The R.A.F. p i lo ts  and o f f ic e r s  in  charge of our se rv ic in g  suggested 
th a t the  twin engined Avro Anson would be h ighly  su ita b le  for th is  work.
This type o f machine i s  slow, s a fe , and easy to  f ly .  Technical experts 
s ta te  th a t  the f i t t i n g  of a v en tu ri would not a f fe c t  co n tro l. I t  i s  man- 
oeverable enough fo r  -tat work such as  we had done. V is ib i l i ty  i s  very  
good and spare p a r ts  av a ila b le . F u rth er, an Anson can carry  a much la rg e r  
load and would req u ire  few, i f  any, in te rru p tio n s  o f spraying to  f i l l  up 
with P a r is  Green. On our lake where landmarks were d is t in c tiv e  and i t  was 
easy to  "pin p o in t"  where a spray gave ou t, th i s  was only a m atter of con­
venience. Elsewhere i t  might be a necessity .
P o in ts  ag a in st i t s  use are;
a) I t  req u ire s  a la rg e r  landing area than the o ther types.
b) More man hours must be spent serv icing  two engines than serv icing  one.
o) I t  has a higher s ta l l in g  speed than, fo r  example, the  Lysander,
th e re fo re  i t  must f ly  f a s te r  to  m aintain height and c le a r  obstruc tions.
d) I t  i s  le s s  manoeverable than the Lysander and s im ila r types of machine.
e) The p i l o t 's  f ie ld  o f v is io n  i s  much le s s  than in  the  Lysander, which 
i s  a machine sp e c ia lly  designed to  give optimum v i s ib i l i t y .
The s iz e  and nature o f the area to  be sprayed, whether a wide 
expan se o r narrow and to rtu o u s , and a lso  the  aerodrome f a c i l i t i e s  in  i t s  
neighbourhood should be considered in  deciding the  most su ita b le  type of 
spraying a i r c r a f t .
3. The Hopper and Trap. S im p lic ity  must be the keynote. The more complex 
an appara tus, th e  more trouble  i t  g ives. The exactor con tro l proved a 
f a i lu re  from the s t a r t ,  and a simple m echanically co n tro lled  tra p  had to  be 
su b s titu te d . In  the  f ie ld  in  war the serv icing  o f operational a i r c r a f t  
has f i r s t  p r io r i ty ,  th e re fo re  spraying apparatus must req u ire  very l i t t l e
maintenance.
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The hopper should be a s  dust t ig h t  a s  p o ssib le . B aris Green i s  
so l ig h t  and d isp erses  in  the a i r  so re a d ily , th a t a f t e r  each spray we 
found a th in  green film  over cockp it, p i lo t  and he lpers. The dust should 
be poured in to  th e  hopper away from the  s l ig h te s t  wind or draught. The 
p i lo ts  d id  in h a le  a l i t t l e  dust during each operation , but we saw no i l l  
e f fe c ts . The q u an tity  inhaled  must have been very sm all.
The hopper i t s e l f  should be designed with steep shelving s ides 
leading s tr a ig h t  down to  the tra p .
An a g ita to r  i s  necessary  to  prevent the  dust from caking and 
ensure even d e liv e ry  to  the  ven tu ri th ro a t. The simple man-operated type 
f i t te d  in  the  Lysander was foo lp roof. Machines incapable of carrying a 
passenger must have some form of autom atic apparatus, operated , fo r example, 
by a small wind p ro p e llo r f i t t e d  on a wing, the ac tion  being transm itted  
through a reduction  gear (Watson 1936).
4. The S erv ic ing . There should be every f a c i l i t y  fo r serv icing  the 
spraying a i r c r a f t  near th e  s i t e  o f spraying. We were very fo rtu n a te  in  
th is  re sp e c t in  1944, and had every p o ssib le  help and consideration  from 
the neighbouring R.A.F. S ta tio n  which did t h i s  fo r  us.
5. The P a r is  Green. M etcalf and Hess (1944), in  a paper not read t i l l  my 
retu rn  to  England from Egypt, have shown th a t by increasing  the p a r t ic le  
s ize  o f  B oris Green s s  fa r  a s  i s  compatible with the Anopheline la rv a 's  
capacity  to  swallow, a g rea te r  proportion of the dust dropped by on a i r c r a f t  
fla ils  in  th e  ta rg e t  a re a , and a le s s e r  proportion d r i f t s  away. They claim  
a 6Q# in c rease  in  th e  amount of dust reaching the treatm ent area by doing 
th is .  They s ta te  th a t  s tu d ie s  have shown th a t ,  in  aeroplane dusting in  
the p a s t ,  no le s s  than 1%  o f the P a ris  Green d r i f t s  away from the treatm ent
area due to  i t s  f in e  s iz e .
By the treatm ent area i s  meant here the swath covered by the  dust 
cloud dropped from the  a i r c r a f t .  The lower an a i r c r a f t  f l i e s  the narrower 
r e la t iv e ly  i s  th e  swath'- covered by dust. The wind a lso  in fluences th e  
width o f swath. Apart from heigh t and wind, the type o f spraying apparatus 
used and th e  r a te  o f escape o f th e  dust a lso  p lay  a p a rt in  th is  m atter.
As th e  following ta b le  shows (XEl) d iffe re n t workers have described very
d if fe re n t  swaths.
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TABLE XII.
Author
Height of a i r c r a f t  and 
speed o f  wind ( i f  mentioned}
Width of Swath 
described
W illiams and Cook 1927. 100-feet (Wind 11 m .p.h .) 600-feet
Logendre, 1934 3 0  -  45 fe e t 300-feet
Watson, 1936 5 0 -fee t 520-fee t
Covell and A f r id i ,  1937 7 5 -fee t (Wind 2 to  5 m .p.h.) 360-feet
Watson e t  s i ,  1938 20-feet 300 to  600 fe e t.
Kiker e t a l ,  1938 Not s ta ted 200-feet
Murray and Knutson, 1944 1 5 -fee t (wind under 6 m.p.h.
c
) 40-fe e t 
le a r ly  defined vis
Tables I I I  and IV above showed th a t  in  Egypt, w ith the a i r c r a f t  
fly ing  a t  40 to  50 fe e t and the wind between 6 and 10 m *p.h., we found P aris  
Green dust over a swath s s  wide as 500 yards, though only e f fe c tiv e ly  le th a l  
( i . e . , having a t  le a s t  25 p a r t ic le s  o f P a ris  Green to  the  square inch) over 
a width o f  300 to  600 fe e t. Our experience c e r ta in ly  supports the contention 
of M etcalf and Hess th a t  much dust does d r i f t  away from the  e ffec tiv e  treatm ent 
area. U nfortunately , a t  the  time I  did not know o f th e ir  work and I  made no 
in v es tig a tio n  in to  the p a r t ic le  s ize s  of the P aris  Green we used.
Our o r ig in a l ra tio n  o f P a r is  Green was 900-lbs. a month, and a s  
described above, th i s  allowed only % lb . o f dust per ac re  fo r  dusting , 
assuming th a t none was dispersed ou tside  the  treatm ent area. We found, in  
p ra c tic e , th a t  even th e  low concentration was e ffe c tiv e  in  the  wide open 
weed area  before the v illa g e . This area was so wide th a t d isp e rsa l o f  the 
dust d id  no t s e t t e r .  However, where weed lay  in  the  lee  of high reeds or 
rushes which blocked th e  d u st, an in su f f ic ie n t quan tity  o f P a ris  Green 
penetra ted  to  be e f fe c tiv e , and hand dusting had to  supplement the aeroplane 
spraying. Our ra tio n  was la te r  in creased , as described, but we s t i l l  kept 
up th e  hand dusting o f  weed areas among th ick  upright vegetation .
D if fe rent  powdery substances can be used to  d ilu te  P a r is  Green 
fo r spraying. Powdered soapstone ( ta lc )  e sp ec ia lly , and slaked lime a re
used in  America. We used sand.
Recent research  has brought to  th e  fo re  o ther h igh ly  e f f ic ie n t
la rv ie id e s , such as D.D.T. P ossib ly , some such chemical may replace P a ris  
Green in  an tim a la ria l con tro l in  the fu tu re . I t  would appear th a t  g rea t 
d ilu tio n  o f  D.D.T. n»y be necessary. I f  th is  i s  so , a i r c r a f t  would req u ire  
to  c a rry  correspondingly heavy loads consis ting  la rg e ly  o f d ilu en t.
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6. The Technique o f Spraying. This w ill d i f f e r  in  every p lace. I t  must 
be worked ou t by t r i a l  and te s t  on th e  spot with f u l l  knowledge o f lo ca l 
geography, wind and weather co n d itio n s, and the breeding h ab its  of the lo c a l 
m alaria v ec to r. A technique su ita b le  for a wide lake or swamp w ill  
obviously not do fo r  a narrow to rtu o u s creek.
7. A eria l Photographs. A good mosaic a e r ia l  photograph of the  area i s ,  
in  my opinion, e s s e n tia l  in  planning a spraying programme. I t  should be 
implemented by the o f f ic e r  in  charge of the con tro l f ly in g  over the area 
p e r io d ic a lly  (n in th ly  should be s u ff ic ie n t)  to  d e tec t changes in  v egeta tion , 
etc. • I t  should be noted th a t  a P a r is  Green spray i s  b e t te r  seen from th e  
ground than from th e  a i r .
S U M M A R Y
The m alaria problem a t  an operational aerodrome beside a lake  in  
i s  s ta te d ,  and the bionomics of the mosquito vector described. The 
ch ie f co n tro l measure was the spraying o f P a r is  Green from a i r c r a f t  over the 
breeding p laces  o f the  vec to r.
In  1944, spraying was extended along the  lake  edge to  the la rg e  
native v i l la g e  nearby, where th e  bulk o f the breeding occurred. A number 
of experiments to  t e s t  th e  e ffec tiveness of the spraying a re  recorded, and 
d e ta ils  given of the spraying experience and d i f f i c u l t i e s  encountered in  1944.
Two m odifications to  the a i r c r a f t ,  one being the in troduction  o f 
a hand operated a g i ta to r  in  the  dust hopper, the  o ther sim plifying the  
contro l o f th e  dust outflow were introduced.
The incidence of primary m alaria a t  the aerodrome, reduced 
following spraying In  .1943, f e l l  s t i l l  fu rth e r  in  1944, and in  th a t year a t  
the v i l la g e ,  th e  incidence f e l l  to  about one th ird  o f th a t  o f the th ree  
proceeding years.
The requirem ents fo r successful a i r c r a f t  spraying are  discussed 
in  the l ig h t  o f p a s t and p resen t experience.
C Off O L U S I Q N S
1. A irc ra f t  spraying fo r  the  co n tro l o f m alaria i s  p rac ticab le  
under war-tim e conditions.
2. * A modern aeroplane with spare p a r ts  av a ilab le  i s  e s se n tia l .
3# The aeroplane should be based as  near the  con tro l area as  possib le .
4. The spraying apparatus must be simple so th a t maintenance in  the 
f ie ld  i s  easy. An a g ita to r  must be f i t t e d  in  the hopper.
5. Only one p i l o t ,  with one in  reserv e , should f ly  the a i r c r a f t .
6. An adequate reserve  o f la rv ic id e  should be assured.
7. An a e r ia l  photograph o f the con tro l area i s  o f g rea t a ssis tan ce
in  planning the spray.
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